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Design thinking is a human-centred, iterative process that aims to develop
innovative solutions tailored to user needs. This article examines the
groundwork and incorporation of design thinking in healthcare and medical
education, highlighting its potential benefits in dental education, including
enhancements in learner-centred approaches, faculty development,
interprofessional collaboration, and person-centred care. Design thinking
methods foster learner engagement, aligning with cognitive and constructivist
learning theories. Active engagement and discourse among learners create
meaningful learning experiences, benefiting from a “learning by doing”
approach. Further, design thinking processes ensure critical thinking and
collaborative learning, supporting active engagement with prior knowledge
and constructive feedback skills. Thus, applying design thinking in dental
education could deepen learners’ understanding with improved problem-
solving skills, ultimately leading to effective learning outcomes.
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Introduction

Design thinking is a process used in numerous applications to foster practical solutions

to develop or innovate for users’ specific needs (1). It is a structured and repetitive

approach that initiates with a deep understanding of user needs, which is stated as an

emphatizing step. Then, the process includes defining a problem, ideating an innovative

solution, creating a prototype, and testing and evaluating it. This approach is supported

by cognitivist and constructivist theories (2, 3). The design thinking concept is

commonly utilised in business expansion activities, such as product development.

Additionally, it is also applied in other fields, such as in health care and medical

education (4, 5).

In medical education, design thinking has been applied in the creation of several

crucial components, such as patient management (6), curriculum development (5),

learning experience design (4), and faculty development (7). Nonetheless, research on

the implementation of design thinking, particularly in dental education, remains limited

(8). Hence, this article focuses on examining the viability of incorporating design

thinking principles within the realm of dental education.
01 frontiersin.org

http://crossmark.crossref.org/dialog/?doi=10.3389/froh.2025.1547335&domain=pdf&date_stamp=2020-03-12
mailto:thanaphum.o@chula.ac.th
https://doi.org/10.3389/froh.2025.1547335
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/froh.2025.1547335/full
https://www.frontiersin.org/articles/10.3389/froh.2025.1547335/full
https://www.frontiersin.org/journals/oral-health
https://doi.org/10.3389/froh.2025.1547335
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/


Chuenjitwongsa et al. 10.3389/froh.2025.1547335
The concept of design thinking

The concept of design thinking was enunciated in 2008 by Tim

Brown in a paper published in the Harvard Business Review,

wherein he described three stages of design thinking: inspiration,

ideation, and implementation (1). First, the inspiration stage

aims to consolidate a problem and/or opportunity. Next, the

ideation stage focuses on creating and developing various ideas

tailored to find the solutions for the identified problem, and

finally, the implementation stage aims to apply the solution.

These could be amplified into the following five steps: (i)

empathise, (ii) define, (iii) ideate, (iv) prototype, and (v) test,

which are systematically planned and iteratively utilised

(Figure 1) (9), This prevailing design thinking model traces its

roots to the Hasso Plattner Institute of Design, Stanford School

in the USA.
The five steps of design thinking

The five steps of design thinking are further clarified below.

1. Empathise Phase. This user-centric approach places a

significant emphasis on the empathy step, aiming to

profoundly engage with users’ experiences to gain a thorough

understanding of their needs (10). Several methods are

introduced as tools for empathising. Observation stands out

as a simple yet potent method. Direct observation provides

insights into people’s behaviors and aids in predicting their

intentions. Engaging in an in-depth conversation with the

participants can also provide meaningful insights. This phase

allows the observer to transcend his/her assumptions and

biases and unwaveringly focus on the genuine needs of the

users. For instance, some healthcare companies have used an

extensive empathising process to understand the need to re-

design the nursing-staff shift change process, eventually
FIGURE 1

Schematic diagram demonstrates five steps of design thinking (9). Created

Frontiers in Oral Health 02
leading to an innovative process that improves patients’

experience and nurse satisfaction and productivity (1). Dental

education primarily revolves around chairside teaching, where

students must perform complex, often irreversible procedures

while effectively communicating with patients from diverse

backgrounds and with varying needs (11). Consequently,

dental students face the challenge of balancing technical

excellence with meeting patient expectations. Design thinking

in dental education can be applied in conjunction with

chairside teaching. During the empathise phase, educators

observe students’ needs and interactions within various dental

educational settings, including laboratory and clinical

environments. This observation phase could reveal students’

stress levels and overwhelming experiences throughout their

study period. The gathered insights serve as crucial input for

subsequent phases of design thinking, enabling the

development of an innovative dental curriculum that

addresses students’ pain points and enhances their

psychological well-being during their dental education

journey. Another example of the use of the empathise phase

in dental education development is educators performing

systematic observation in clinical sessions. Direct shadowing

provides observational information, for example, on students

struggling with clinical procedures, handling clinical

equipment, adjusting patient positioning, time management,

or experiencing anxiety during clinical treatment sessions.

This could be beneficial fundamental feedback for developing

targeted and innovative clinical teaching methods.

2. Define phase. the second step in the design thinking process

involves synthesizing and organizing data to uncover

connections and patterns, which can then be used to

articulate a clear and concise problem statement. The define

step can also yield a point of view (POV) statement, which is

a specific user problem that needs to be addressed. POV

must be discreet and focused, well framed and articulated to

inspire the team, establish criteria for generating ideas, and
by Biorender.com.
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empower the team to make decisions independently (9). A well-

defined problem statement is essentially fundamental for the

subsequent ideation process so as to target the identified

problems/needs precisely. After shadowing dental students in

clinical sessions during the empathise phase, educators may

identify various aspects that require innovative approaches.

To address these challenges effectively, a clear point of view

(POV) must be formulated to precisely determine and define

the problem. For instance, observations may reveal that

dental students need strategies to manage their anxiety

during clinical practice sessions, as it can hinder their

performance and competency development. Formulating a

clear POV is beneficial in later stages of the design thinking

process, as it helps educators focus on developing targeted,

innovative solutions to address the identified issue.

3. Ideate phase. A well-defined problem statement advances to

this particular stage where all possible solutions are explored.

It is crucial in this stage that the idea must be generated

according to the gathered information without any

preconceived judgments or biases (9, 10). Various

combinations of techniques can be used in the ideation

process, including brainstorming, prototyping, body storming,

mind mapping, and sketching (9). To address the

aforementioned POV regarding student anxiety in clinical

practice sessions, educators and students can collaborate in

brainstorming sessions to generate ideas. During these

ideation meetings, it is crucial to foster a non-judgmental and

open-minded atmosphere, encouraging participants to

propose a wide range of diverse ideas without initially

considering their feasibility or limitations. Some potential

ideas for improving student anxiety in clinical practice

sessions include developing short role-playing scenarios for

students to practice patient interactions prior to clinical

sessions, pairing students to support each other during

clinical sessions, utilizing virtual reality technology to

simulate patient interactions and help students practice in a

controlled environment, and designing clinical cases with

progressive difficulty levels to help students build confidence

gradually, and so on. As the number of ideas grows,

educators can then proceed to the next phase of the design

thinking approach to further refine and develop the most

promising solutions.

4. Prototype phase. Once all ideas are gathered, critical thinking

is applied to discern the most pertinent concepts based on

practical considerations such as budget, time constraints, and

others. The most relevant idea is then developed into a

prototype, which is a tangible and low-fidelity model. This

prototype serves as proof of concept to explore and test the

application of the idea to address the defined needs. It can be

used as a tool for ideating and problem-solving,

communicating with teams and users, testing possibilities of

the solution, and managing the solution-building process

leading to the test phase (9). In the prototype phase, one

potential solution to address the POV regarding the

reduction of student anxiety in clinical practice sessions

mentioned above could be the development of structured
Frontiers in Oral Health 03
clinical cases with progressive difficulty levels. This approach

aims to help students build confidence gradually. To create

this prototype, educators should identify and describe the

case difficulty levels for each discipline, tailoring them to

novice, trained, and competent students. For example, novice

students may start with simple cases that focus on basic skills

and patient interaction, while trained students progress to

more complex cases that require advanced techniques

and decision-making. Competent students can then tackle the

most challenging cases. Once these structured case difficulty

descriptions are established, they can be further refined

and tested in the subsequent test phase of the design

thinking process.

5. Test phase. Finally, the prototype is tested to create the user

experience and obtain user opinions. This feedback helps to

identify the advantages and disadvantages of the prototype

and is further utilised to improve it. Feedback provides more

engagement and information from users and refines POV (9).

This repetitive cycle refines and optimises the solution to get

the best fit of the solution to users’ needs (1). The

exemplification of the test phase for POV improving student

anxiety in clinical practice is as follows. The structured

clinical cases prototype is implemented and evaluated in the

test phase to assess its effectiveness in reducing student

anxiety. During the employment of this approach, educators

monitor their performance and anxiety levels and collect

feedback from students and faculty. The data gathered should

be analysed to identify areas of success and opportunities for

improvement, leading to refinements in the prototype and

further ensuring continuous improvement and validation of

the solution’s effectiveness.

Educational foundation of design
thinking

Design thinking is underpinned by cognitivist and

constructivist theories, which provide a robust framework for

understanding the learning processes involved in this approach

(2, 3). Cognitivism suggests that learning is intricately linked to

higher-order cognitive processes, such as critical, logical, and

analytical thinking (12). These cognitive processes are

fundamental to each phase of design thinking, enabling learners

to critically formulate ideas and problem statements, analyze user

needs, and evaluate the results of prototype testing. Through

active engagement in retrieving prior knowledge, learners are

able to contextualize the identified challenges, leading to

intelligent and efficient problem-solving. This process of linking

new information to existing knowledge fosters a deeper

understanding, leading to profound learning outcomes (13).

Constructivism further emphasizes that learning is constructed

through individual interpretation, meaning-making, and

experiential engagement (13). Within the design thinking

framework, learners have opportunities to expand their existing

knowledge while acquiring new insights and interpretations.

They develop personalized perspectives on proposed or
frontiersin.org
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hypothetical problems, actively engage in group discussions with

diverse viewpoints and experiences, and explore the synergy

between multiple concepts and situations during prototype

testing. This higher cognitive and collaborative environment

facilitates the generation and integration of new knowledge

pertinent to the prototype being tested (3). Therefore, it is

imperative for educators to foster active engagement and

discourse among learners, thereby creating meaningful learning

experiences. Additionally, providing adequate support and

feedback is essential to ensure that learners benefit from a

“learning by doing” approach (13). Furthermore, educators

should ensure critical thinking and collaborative learning,

support active engagement with prior knowledge, and provide

constructive feedback. This approach will deepen learners’

understanding with improved problem-solving skills, ultimately

leading to effective learning outcomes.
Application of design thinking in dental
and healthcare education

In the field of dental education, design thinking has been

advocated to encourage the development of creative-higher-order

cognitive processes through innovative teaching pedagogies.

These processes could be further enhanced through specific
FIGURE 2

Application of design thinking in dental and healthcare education. (created
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design thinking methods that can be effectively integrated into

dental education, including (Figure 2).

(1) Empathy Mapping: Encouraging students to empathise with

patients by creating empathy maps which help them

understand patients’ needs, emotions, and experiences better

(1). The empathy map has been developed in various

contexts and utilised in healthcare education. The Jefferson

Scale of Empathy and its modifications, which use a seven-

point Likert scale, have been employed in numerous studies.

This scale comprises three domains: perspective taking,

compassionate care, and standing in the patient’s shoes

(1–3). Reports have shown that empathy maps can guide

nursing students in engaging in empathetic communication

with patients, highlighting the value of empathy maps for

empathy development (4). In the context of design thinking

in dental education, the empathy map can be integrated into

the empathise phases. Dental students engage in

conversations with patients, asking open-ended questions

and observing non-verbal cues to better understand their

patients’ experiences, thoughts, and emotions. The empathy

map can be used for students to gain more insightful

information from these conversations, capturing the

patient’s thoughts, feelings, actions, and emotions in a

structured manner. By incorporating empathy mapping into

the design thinking process, dental educators can promote
by biorender.com).
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patient-centered care, enhance students’ communication

skills, and foster empathy. This approach encourages dental

students to consider their patients’ perspectives, leading to

improved patient care and satisfaction.

(2) Persona Development: Creating detailed patient personas

based on different demographics and needs can help

students design tailored solutions for specific patient

groups (14).

(3) Journey Mapping: Mapping out the patient journey from

scheduling an appointment to post-treatment follow-up can

help identify pain points and areas for improvement in the

patient experience (15).

(4) Prototyping: Encouraging students to create prototypes of new

dental tools, technologies, or processes can help them test and

refine their ideas before implementation.

(5) Brainstorming Sessions: Conducting brainstorming sessions to

generate a wide range of ideas for addressing specific dental

care challenges can foster creativity and innovation (16).

(6) Design Critiques: Encouraging students to provide constructive

feedback on each other’s design solutions can promote a culture

of collaboration and continuous improvement.

(7) Iterative Design: Emphasizing an iterative design process

where students refine their solutions based on feedback and

testing can help them develop more effective and patient-

centred approaches.

(8) User Testing: Involving actual patients in the testing and

evaluating new procedures/approaches, ranging from oral

health promotion to treatment schemes or technologies, can

provide valuable insights for improving patient outcomes.

By incorporating these design thinking methods into dental

education curricula, educators can help students develop critical

thinking, problem-solving, and empathy skills essential for

providing high-quality, patient-centered care. The foregoing tools

in the student armamentarium are considered valuable in

addressing the challenges in dentistry and other health education

fields. These encourage learners to work together on critically

assessing patient-related problems with an open mind, leading to

person-centred innovative solutions. This process encourages

meaningful participation and promotes the highest level of

learners’ and preceptors’ engagement (17).

Particularly in dental education, empathising techniques can be

useful to develop a deeper understanding of patient experiences,

needs, and expectations. Simultaneously, this process fosters the

development of higher-order cognitive abilities, enhances the

understanding of contextualised situations, and promotes deep

learning (2, 3). These immersive experiences not only contribute

towards the learner’s awareness of oral health but also prepare

them to develop appropriate management plans that serve

individualised patients’ needs.

On example where such design thinking methodology has been

illustrated by Delvin et al. (18). They describe clearly how design

thinking was utilised to create a new clinical care model that

addressed the critical needs of patients during the recent

COVID-19 pandemic, for instance, by inclusion of telemedicine/

teledentistry program which leads to optimum patient outcomes.
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Design thinking can also be a beneficial tool for identifying the

learners’ specific educational needs and developing prototypes for

their learning experiences. An exemplification of this is the

approach in medical education to use design thinking to identify

and design the training tools to support virtual ambulatory care

learning (19). Similar applications can be adapted in dental

curricula with key stakeholders, including learners and educators,

who can be engaged in the process of curriculum development.

Design thinking models have been used to design and evaluate

dental and oral health education media through web-based

platforms. Jumlongkul et al. describe a model where the user is

involved in the design process to solve problems from the very

early stages so that it encourages the emergence of new ideas

form the early design stages until the final testing is carried out.

The particular design thinking method applied was a user

interface and experience (UI/UX) design to ensure solutions that

met user needs (20).

Another study reported the use of an adaptive design thinking

model during the COVID-19 pandemic to develop innovation and

entrepreneurship courses for dental learners. Research skills and

entrepreneurial knowledge are crucial, and their integration into

the dental curriculum is essential. These strengthen learners’

ability and mindset to face real-world clinical challenges. It is

believed that such design thinking activities provide more

instructive and durable solutions for healthcare, including

dentistry in comparison to traditional problem-solving

techniques (21).

Design thinking can also be used to create faculty development

programs. Wolcott provides a good example where design thinking

was successfully used to frame the AACP (American Association of

Colleges of Pharmacy) Teacher’s Seminar review (22) where over

90 content ideas and 50 format options were ideated by the

study participants. Of these, several prototypes were selected and

tested to guide the final selection for the seminar, where a

majority either agreed or strongly agreed that design thinking

was a helpful approach to creating the reviewed framework.

Similar design thinking programs could be adapted for faculty

development programs in dentistry to replace or enrich the

traditional lecture-based approaches or workshops. Such novel

and refreshing approaches can also serve the evolving needs of

the continuing professional development of faculty members.

Finally, in this context, design thinking is an excellent

mechanism for fostering interdisciplinary collaboration. This

notion is supported by constructivist theory, which emphasizes

that learning and knowledge creation occur through collaborative

interactions among group members. Practicing active listening

without preconceived biases is the first step in training and

preparing dental learners to work efficiently in multidisciplinary

teams in the real-world healthcare system. This can be

accomplished by implementing cross-discipline workshops for

design thinking in dentistry and other disciplines into existing

roasters instead of adding an additional workload (23).

The evidence for using design thinking in the context of dental

specialties is limited due to the lack of studies and research in this

area. However, some perspectives can be described on the potential

integration of design thinking in education for dental specialties. In
frontiersin.org
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pediatric dentistry, for example, students can use the empathise

phase to determine patients’ needs and identify the hidden

reasons behind individual children’s behaviors. This can help

define patients’ problems and be further used to implement

innovative approaches to improve patient experience throughout

the clinical session. Beyond patient care, design thinking can also

be used to enhance dental specialty training. Educators can

shadow students during operative procedures and empathise with

their experiences. Problems can be identified, such as difficulties

in adjusting patient positioning during clinical treatment. This

could lead to the ideation of improved concepts for ergonomic

teaching, which can be implemented to enhance students’

learning experience in clinical settings.

Empathising with students in prosthodontic clinics may reveal

struggles with complex crown preparations. This POV can be

addressed by numerous ideation approaches, such as the

development of augmented reality (AR) or virtual reality (VR)

tools to assist and improve student learning experiences prior to

clinical sessions (24). Feedback from the use of AR and VR tools

can be collected and used to refine the models and further

enhance learning experiences. Another example of the potential

integration of design thinking in dental specialty education can

focus on students’ lack of competence in diagnosing rare cases in

oral radiology and oral medicine. Through the empathise and

define phases, educators may notice students’ lack of confidence

in diagnosing rare diseases since they do not encounter these

patients routinely in daily clinical practice. Ideation can then be

formulated to create artificial intelligence tools that assist

students in interpreting oral radiographs and images, providing a

list of possible differential diagnoses for students to further

evaluate and make judgments (25, 26). This could be beneficial

in helping novices perform tasks with confidence.

As with any new technology, introducing design thinking

applications in dentistry poses certain challenges. These challenges

encompass “training the trainers” and ensuring educators’

proficiency in design thinking methodology, necessitating additional

time, resources, and budgets. Moreover, institutional leadership

must grasp how to tailor educational methods to learner-centred

and patient-centred approaches. Despite these hurdles, mounting

evidence underscores the advantages of incorporating design

thinking in healthcare education, notably in fostering learners’

professional and personal growth, empathy, and creativity.
Challenges and future direction

Embedding design thinking into educational frameworks is

crucial for preparing learners to tackle problems in complex

healthcare settings (8). However, integrating design thinking in

dental education faces several challenges. First, the faculty

members must be equipped with knowledge and processes to

utilise the design thinking approach in teaching and learning

activities. The faculty development program must be arranged to

cultivate the necessary skills and knowledge. Second, to

effectively achieve the outcome, the curriculum integration of this

teaching method should be well-planned and aligned with
Frontiers in Oral Health 06
program learning outcomes and objectives. Hence, implementing

design thinking could add value to learning goals rather than being

an extracurricular activity to equip learners with creative and critical

thinking skills. Third, integrating design thinking in dental

education requires considering resource allocation, including

dedicated staff, thematic focus, and physical resources to support

these learning activities. Lastly, not only the support to integrating

design thinking in the dental curriculum but also the assessment

methods for probing the achievement of learning outcomes from

those topics/courses used design thinking should also be considered

and well-developed to align with the expected skills and competencies.

Although several publications indicate the use of design

thinking in a medical education context, employment in dental

education could differ in detail. More studies are required to

elucidate the effectiveness and appropriateness of integrating

design thinking into the dental curriculum to determine its

benefits. The example of best practice could set the goals for how

to utilise this learning activity in order to achieve the best-

expected learning outcome. As in dental education,

implementing design thinking must be based on patient-centred

design to innovatively address the needs of diverse patients.

Taken the aforementioned together, design thinking can be

effectively integrated into dental education to foster a new

generation of dentists with an innovative mindset for addressing

the evolving landscape in dental care and service.
Conclusion

Design thinking can be effectively integrated into dental

education to foster a critical understanding of patients’ needs,

which is essential for providing person-centred care. This

approach promotes critical and creative thinking skills necessary

for navigating the complexities of modern healthcare. By

equipping dental learners with design thinking and critical skills,

learners are better equipped to find innovative and person-

centred solutions for their patients. Additionally, design thinking

aligns with cognitivist and constructivist learning principles,

emphasising higher-ordered thinking, collaboration, and active

engagement, which enhances interdisciplinary teamwork. The

iterative nature of design thinking also facilitates continuous

feedback and improvement. In summary, integrating design

thinking into dental education enriches the learning experience

and prepares future professionals to be innovative, empathetic,

and adaptable, ultimately improving patient outcomes.
Author contributions

TO: Conceptualization, Data curation, Formal Analysis, Project

administration, Supervision, Writing – original draft. SC:

Conceptualization, Data curation, Formal Analysis, Writing –

review & editing. LA: Data curation, Formal Analysis, Writing –

review & editing. AJ: Data curation, Formal Analysis, Writing –

review & editing. LS: Data curation, Formal Analysis, Writing –

review & editing.
frontiersin.org

https://doi.org/10.3389/froh.2025.1547335
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/


Chuenjitwongsa et al. 10.3389/froh.2025.1547335
Funding

The author(s) declare that financial support was received for

the research and/or publication of this article. The study is

supported by the Faculty Development Fund, Faculty of

Dentistry, Chulalongkorn University. LS is supported by Funding

for High-Potential Professors, The Second Century Fund,

Chulalongkorn University.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
Frontiers in Oral Health 07
Generative AI statement

The author(s) declare Generative AI was used in the creation

of this manuscript. During the preparation of this work, the

authors used ChatGPT and Perplexity to create the draft and

improve readability and language. After using this tool/service,

the authors reviewed and edited the content as needed and took

full responsibility for the publication's content.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Brown T. Design thinking. Harv Bus Rev. (2008) 86(6):84–92.

2. Rylander Eklund A, Navarro Aguiar U, Amacker A. Design thinking as
sensemaking: developing a pragmatist theory of practice to (re)introduce sensibility.
J Prod Innov Manage. (2022) 39(1):24–43. doi: 10.1111/jpim.12604

3. Pande M, Bharathi SV. Theoretical foundations of design thinking – a
constructivism learning approach to design thinking. Think Ski Creat. (2020)
36:100637. doi: 10.1016/j.tsc.2020.100637

4. Do V, Lewis M, Smith P, Moineau G. Design thinking sprints as a facilitation
process to enact change in the residency match process and beyond. Can Med Educ
J. (2023) 14(4):123–5. doi: 10.36834/cmej.74131

5. Fish AM, Fields JM, Ziring D, McCoy G, Ostroff P, Hayden G. Curriculum
development by design thinking: analyzing a program for social determinants of
health screening by pre-clerkship medical students. J Med Educ Curric Dev. (2022)
9:23821205221080701. doi: 10.1177/23821205221080701

6. Hsieh MC, Kuo YM, Kuo YL. Utilizing design thinking for effective
multidisciplinary diabetes management. Healthcare (Basel). (2023) 11(13):1934.
doi: 10.3390/healthcare11131934

7. Mustika R, Greviana N, Kusumoningrum DA, Pinasthika A. Redesigning a faculty
development program for clinical teachers in Indonesia: a before-and-after study.
J Educ Eval Health Prof. (2024) 21:14. doi: 10.3352/jeehp.2024.21.14

8. McLaughlin JE, Wolcott MD, Hubbard D, Umstead K, Rider TR. A qualitative
review of the design thinking framework in health professions education. BMC Med
Educ. (2019) 19(1):98. doi: 10.1186/s12909-019-1528-8

9. School d Standford. An Introduction to Design Thinking PROCESS GUIDE:
Hasso Plattner Institute of Design. Available online at: https://web.stanford.edu/
∼mshanks/MichaelShanks/files/509554.pdf (Accessed October 15, 2024).

10. Carlgreen L, Rauth I, Elmquist M. Framing design thinking: the concept in idea
and enactment. Creat Innov Manage. (2016) 25(1):38–57. doi: 10.1111/caim.12153

11. Sweet J, Pugsley L, Wilson J. Stakeholder perceptions of chairside teaching and
learning in one UK dental school. Br Dent J. (2008) 205(9):499–503. doi: 10.1038/sj.
bdj.2008.934

12. Luka I. Design thinking in pedagogy. J Educ Cult Soc. (2014) 5(2):63–74. doi: 10.
15503/jecs20142.63.74

13. Ertmer PA, Newby TJ. Behaviorism, cognitivism, constructivism: comparing
critical features from an instructional design perspective. Perform Improv Q. (2013)
26(2):43–71. doi: 10.1002/piq.21143

14. Pruitt J, Adlin T. The Persona Lifecycle: Keeping People in Mind Throughout
Product Design. Amsterdam: Elsevier (2006).
15. Schouten B, Driesen B, Merten H, Burger B, Hartjes MG, Nanayakkara PWB,
et al. Experiences and perspectives of older patients with a return visit to the
emergency department within 30 days: patient journey mapping. Eur Geriatr Med.
(2022) 13(2):339–50. doi: 10.1007/s41999-021-00581-6

16. IJzerman RVH, van der Vaart R, Breeman LD, Arkenbout K, Keesman M,
Kraaijenhagen RA, et al. An iterative approach to developing a multifaceted
implementation strategy for a complex eHealth intervention within clinical practice.
BMC Health Serv Res. (2023) 23(1):1455. doi: 10.1186/s12913-023-10439-1

17. Byrne SJ, Glasser S. Creativity as a framework for innovation in dental education.
Front Oral Health. (2023) 4:1233983. doi: 10.3389/froh.2023.1233983

18. Devlin MK, McIntyre NJ, Ramer MD, Kwon YH, Nicholson JM, Mrkobrada M,
et al. Applying the lessons of design thinking: a unique programme of care for acutely
unwell, community-dwelling COVID-19 patients. BMJ Open Qual. (2024) 13(1):
e002500. doi: 10.1136/bmjoq-2023-002500

19. Lawrence K, Cho J, Torres C, Alfaro-Arias V. Building virtual health training
tools for residents: a design thinking approach. Front Digit Health. (2022) 4:861579.
doi: 10.3389/fdgth.2022.861579

20. Jumlongkul A. Innovation and entrepreneurship in dental curriculum: from
practice to creativity in the face of pandemic. SN Appl Sci. (2023) 5:336. doi: 10.
1007/s42452-023-05566-7

21. Blolong DTL, WibowoI M. Design and evaluation of dental and oral health
education using design thinking. Telematika. (2024) 21(1):31–40. doi: 10.31315/
telematika.v21i1.10615

22. Wolcott MD, Castleberry AN, Johnson C, Pick AM, Persky AM. Lessons from
using design thinking to develop the 2021 AACP teachers’ seminar. Am J Pharm Educ.
(2023) 87(2):ajpe8990. doi: 10.5688/ajpe8990

23. Madson MJ. Making sense of design thinking: a primer for medical teachers.
Med Teach. (2021) 43(10):1115–21. doi: 10.1080/0142159X.2021.1874327

24. Chander NG. Augmented reality in prosthodontics. J Indian Prosthodont Soc.
(2019) 19(4):281–2. doi: 10.4103/jips.jips_324_19

25. Achararit P, Manaspon C, Jongwannasiri C, Kulthanaamondhita P, Itthichaisri
C, Chantarangsu S, et al. Impacted lower third molar classification and difficulty index
assessment: comparisons among dental students, general practitioners and deep
learning model assistance. BMC Oral Health. (2025) 25(1):152. doi: 10.1186/s12903-
025-05425-4

26. Achararit P, Manaspon C, Jongwannasiri C, Phattarataratip E, Osathanon T,
Sappayatosok K. Artificial intelligence-based diagnosis of oral lichen planus using
deep convolutional neural networks. Eur J Dent. (2023) 17(4):1275–82. doi: 10.
1055/s-0042-1760300
frontiersin.org

https://doi.org/10.1111/jpim.12604
https://doi.org/10.1016/j.tsc.2020.100637
https://doi.org/10.36834/cmej.74131
https://doi.org/10.1177/23821205221080701
https://doi.org/10.3390/healthcare11131934
https://doi.org/10.3352/jeehp.2024.21.14
https://doi.org/10.1186/s12909-019-1528-8
https://web.stanford.edu/~mshanks/MichaelShanks/files/509554.pdf
https://web.stanford.edu/~mshanks/MichaelShanks/files/509554.pdf
https://doi.org/10.1111/caim.12153
https://doi.org/10.1038/sj.bdj.2008.934
https://doi.org/10.1038/sj.bdj.2008.934
https://doi.org/10.15503/jecs20142.63.74
https://doi.org/10.15503/jecs20142.63.74
https://doi.org/10.1002/piq.21143
https://doi.org/10.1007/s41999-021-00581-6
https://doi.org/10.1186/s12913-023-10439-1
https://doi.org/10.3389/froh.2023.1233983
https://doi.org/10.1136/bmjoq-2023-002500
https://doi.org/10.3389/fdgth.2022.861579
https://doi.org/10.1007/s42452-023-05566-7
https://doi.org/10.1007/s42452-023-05566-7
https://doi.org/10.31315/telematika.v21i1.10615
https://doi.org/10.31315/telematika.v21i1.10615
https://doi.org/10.5688/ajpe8990
https://doi.org/10.1080/0142159X.2021.1874327
https://doi.org/10.4103/jips.jips_324_19
https://doi.org/10.1186/s12903-025-05425-4
https://doi.org/10.1186/s12903-025-05425-4
https://doi.org/10.1055/s-0042-1760300
https://doi.org/10.1055/s-0042-1760300
https://doi.org/10.3389/froh.2025.1547335
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/

	Integrating design thinking into dental education
	Introduction
	The concept of design thinking
	The five steps of design thinking
	Educational foundation of design thinking
	Application of design thinking in dental and healthcare education
	Challenges and future direction
	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


